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INTRODUCTION. 

Complaints are constantly registered ag- 
ainst the nuisanees accruing to the operat- 
ion of steam railroads within the city lim- 
ite. The City of Chicago has recently made 
an investigation of the "Electrification of 
Termingls", with the view of foreing a 
change from steam to electrie operation of 
the trunk lines now entering the city. The 
Chicago Burlington and Quincey R. R. is one 
of these lines, and it is the purpose of 
the writers to investigate the feasibility 
of its electrification, and to present a re- 
port on the eost of the change, together 
with a complete determination of the elec- 


trieal equipement. 
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GENERAL REPORT. 
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EXTENT OF THE ELECTRIC ZONE. 


It is proposed to ineorporate the complete 
suburban service of the C. B. & Q. R. R. in 
the eleetrifiecation project. This extends to 
Aurora, Ill., 37.4 miles from the Union Stat- 
ion at Canal and Adams Sts., Chieago. (See 
Map and Profile, Fig. I & II.) Under the pres- 
ent steam serviee, trains are operated to three 
terminals, Riverside (11.1 mi.), Downers Grove 
(21.2 mi.,), and Aurora (37.4 mi.). From Chiea- 
“go to Western Ave. (3.8),the C. B, & Q. R. Raw 
operates over the right of way of the Pennsyl- 
vania R. R. From Westerm Ave. to Clyde, (8.5 mi. 
from Chieago) there are four tracks, From 
Clyde to a point just west of Downers Grove 
(13.5 mi.), there are three tracks, and thenee 
to Aurora, two traeks, On the four track seet- 
ion, one is used for freight exclusively; thus 
£2 miles of three. track road, and 15.4 miles of 
double track road, or 96.6 miles of single 
traek, will be electrified. On the four traek 


section, the strut bridge for supporting the 
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trolley will span all four tracks, so that an 

additional] trolley ean be installed at any time 
at low expense for future electric handling of 


freight. 


aie to 

as édsadt oa ,exosst ivot [fs mege [fiw yeLllfous 
emit ys ts bolfatenit ed ago yslio1t [snoltibbss 
to yaifbnsd ofitos{s eivytvl 10% seneqxes wolf ts 


s sig tort 


By «: 
GENERAL SCHEME OF ELECTRIFICATION. 


It is proposed to build a power plant of 
6000 K.W, eapacity at Riverside, 11.1 miles 
from Chieago, and 26.35 miles from Aurora, at 
what is praetieally the center of the load, 
Power will be generated at 11000 volts and 
fed directly to the trolly. The maximum volt- 
age drop is about 10%. The high tension 
trolly seetion will extend from Western Ave. 
to Aurora, 33.6 miles. Prom Chieago to Weste 
ern Ave. (3.8 mi.) 1200 volts A.C. will be 
used on the trolly. Two substations, trans- 
forming from 11000 to 1200 volts, of 1000 K.W. 
Capacity eaéh, located .65 miles and 3.15 
miles, respectively, from Union Station, will 
handle the power for this section, The fol- 
lowing data sheet gives a complete summary of 
the road and equipement, 

Multiple unit train operation, with a 
standard three ear train, baif hourly service 
to Riverside and Downers Grove and hourly serv- 


iee to Aurora are proposed, 
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Armour Institute of Technology Branch, American Institute of Electrical Engineers 1909 Data Committe 
ELECTRIC RAILWAYS 


NAME OF COMPANY CHICAGQ, BURLINGTON and QUINCY R.R.uprvision CHICAGO 
~ 


MILEAGE: Road °/+4 City 0 Interurban Total miles track 
Private Way 57.4 Highway 0 Single track Double track 
POPULATION: Per mile road Per mile total track Pop. of terminal 2,000 ,000 
TRAIN SERVICE: Limited Local Freight Express 
No. cars per train 5 - 5 5 - 5 
No. stops per mile 
Schedule Speed 2 
Maximum Speed 62 m™.p.h. 62 ™.p.h. 
Headway Alaa’ AZ, oniter. 
Motor cars per train all all 
PERMANENT WAY: Av. width Max. Grade .,86% Curves 750’ of 12° 
Roadbed: Width Ballast Kock » grave 1 Bridges 
Track: Gauge 4° _ 8 Az, * ‘ 
Rails: Section T Length 33 Wt. per yd. 70# , 80# ) Joints 
Ties: Size Material Center distance 
Bonds: Type Capacity 4-—() Length ~ Number per joint 
Where applied Cross bonds: size 4—() 1000 ft. apart 


Signal System: 
TERMINALS AND STATIONS: Chicago F Riverside ; Downers Grove » Aurora 


Shops andcar barns Kiversidé, Downers Grave 
Pp ? 


ROLLING STOCK: Aurora 
TypePassenger Number 65 Mfg. body Total wt. unloaded SGOO000# 
Carbody: Length overall 60 : Length body 45 ; Truck cen. 36 * 6" Coupler 
Width overall QiA26 % No. compartments | arnq 2 Seating capacity 62 , 4 8 ; 
Height to roof 13'-0” Length comp. Color body 
Trucks: Type _ Mfg. Wt. M—-15000 T- 1000 Wheel base : 
Wheels: Typet? | eft Diam. 38” Width tread 3 1/2" Width flange 1” 
Depth flange 
Axles: Center diam. Wheel seat diam. Size journals 
Equipment: 
AMotors Weh., #156(150 h. n.) Gear ratio 2.56 Accel. .9MQAD.S. Lubrication 


Control system Klectro-nneumatic multinle 
Braking system Alltomatic air 


Heating Electric 
GENERATION AND TRANSMISSION: 
Power House: Location Riverside Totalcapacity 6000K.W. See Sheet No. 
High Tension Transmission: Volts 11000 Phase 1 bY BAS Longest transmission 
Av. dist. between sub stations Where located Span 300" 


Sub Stations: 2 
Step down transformers A-—D00K.W. selfeconoli "© Connections 


Rotaries in each. Reactance 
Switching Storage battery 
Low Voltage Distribution: 
Trolley: volts 11000 120 Wist. bet. taps F Third Rail: Volts 
Size 3-0 Form G rooved Height ae Wt. Section 
Suspension: Type apan Center to gauge line 
Catenary: Type Dinele Height above track rail 
Size of messenger 7/16” Insulators; type 
Feeders Dist. apart 
db pe pole line Length span Bonding type capacity 


200 volts used from Western Av. to Unson Station. 
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COST ESTIMATES, 


It is estimated that the Chicago suburban 
service of the C. B. & Q. R. R. can be electri- 
fied at an expenditure of $2,000,000. This 
estimate has been worked out with the general 
scheme of electrification,outlined in the fore- 
going,as a basis, 

The valuation of the power plant is placed 
at $95 per K.W, This general value had to be 
taken, owing to the imposibility of students 
obtaining aceurate cost estimates from the manu- 
faeturers, 

The cogt per ear is taken at$11600. This 
estimate is made from the following: - 

Cost per ear on weight basis. 

Motor. 6 tons at $625 $3750 

Auxiliary equipment. 10 tons at $125 1250 

Trueks. 13 tons at $220. 2869 

Car bodies, 18 tons at $85 15380 

Labor in assembling. 48 tone at $35 1680 

Total eost $11070 

An estimate of ear cost was also made as 


follows: -— 
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Total cost D.C. Multiple Unit ears 
used on Melrose Div. N. Y. N. H, & 


H. R. R. $10,500 
Excess cost A.C, motor equipement. 1,000 
Auto-transformer. 250 K.W. at#3.00 750 


Total $12,250 
Average of two estimates. $11,600 


Two substations are required, 1000 K.W, each 
with an ultimate capacity of 1500 KW, At $4 
per K.W., $9,000 should cover the cost of two 
buildings and the 2,000 K.%, of transformer 
equipement . 

The estimate of cost of trolly construction, 
using strut bridges, (Fig. 18) spaced 278 ft. 


apart is as follows. 


High Tension Trolly Material. 


Trolly material / mile $400 
Wire and eable (not trolly) / mile 300 
ec687# - 3 - O trolley at 15 c. 403 
Labor, exeluding bridges. 800 , - 
Cost / mi, single traek $1903 


14.6 mi. double & 18.8 mi three 


028,843 
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track road at $1903 / mi. $164,000 
Feeder 3,000 


Low Tension Trolly Matwrial, ete, 


Trolly material. $400 - 
3381# - 4 - O trolly at i5e. 507 
Wire and cable 300 
Labor 800 
Cost per mile single track $2007 


3,8 miles (4 track trolly) - 15.2 
mi, single track $30,600 


Bridges, ineluding erection gnd foundation. 


Two track span. 


6400# steel at 3c. $192 
2 2/3 eu. yds conerete at $6. 8 
Total. $200 


Three traek span. 


7600# steel at Se. $228 
Foundation, 8 
Total $236 


Four track span. 
New Haven type $750 
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252 - 2 track bridges at $200 
(14.8 mi, 19 per mile.) $56,400 


14.4 triple track bridges 
268 at $236 63,300 


8.5 mi. four track bridges. 
162 at $750 121 ,200 


Total $240,200 


Bonding 80# rail, 86 mi. single 

rai). High tension. 30250 4/0 

at $.40 $12,100 
Bonding 80# rail, 11.2 mi. single 

rail. Low tension. 3 - 4/0 per 

joint. 6025 at #.40 $ 2,500 


Summing up the various estimates,the follow- 
ing is the completed estimate for the cost 
of this project. 


High tension trolly $264,000 
Low tension trolly. 30,600 
Feeder 3,240 
Bridges 240,900 


65 ears. at $11,600 755 ,000 
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Rail bonds, 14,600 


Total. $1,208,340 


Engineer and superintendence 10% 120,000 
5? seetionalizing cireuits break- 


ers at #160 9,120 
Power plant 570,000 


Total $1,907,460 
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DETERMINATION OF SYSTEM. 

The choice of system resolves itself? in- 
to a question of cost and reliability. Both 
alternating and direct current installations 
have proved sufficiently reliable for trunk 
line operation. The choice then, rests on 
the comparative costs of installation, 

Below is itémized the cost of each system 


exclusive of the cost common to both, 


Altérnating Current System, 


96 mi, single track at $1000 ex- 


eess / mile. $96,000 
65 @¢ars at $1000 excess apiece. 65,000 
Total $161,000 


1200 Volt Direct Current System. 


75 mi. #4 copper wire for 3 phase 
transmission lines $7,500 
3 phase transmission line material 


25 mi, at $450 13,500 
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Step up transformers, 4000 K.W. 

at $3.00 $12,000 
Step down transformers, 6000 K.W. 

at $4.00 24,000 
Converters. 6000 K.W. at $17. 102,000 
Auxiliary apparatus. 4,000 
Oil switches at substatien,12 

at $1000 12,000 
Investment equivalent to oper- 

ator salary charges. 13,300 


Total $188,300 


This comparison favours the 11000 volt 
alternating eurrent system by $27,300. Sum- 
ming up the above, the concbusion has been 
reached that alternating current should be 
used on the trolley. However, a more care- 
ful and complete investigation, than is pos- 
sible in the limited time allowed for this 
thesis, might prove that a 1200 volt, third 
Yrail system would possess such advantages as 
to make it advisable to install such a sys- 


tem. 
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Souree of Motive Power. 

The queston here presents itself as to 
whether motor cars, with multiple unit con- 
trol, or electric locomotives shal] be used 
to supply the motive power. For suburban 
service, such as this, where trains of from 
one to five ears are operated, and long 
trains are the exception rather than the 
rule, the advisability of having each car a 
motor ear is most foreibly brought to the 
fore. The greatest good to be derived 
from electrie operation is the splitting up 
of the seven and eight car trains,as now in 
vogue under steam operation,into several di- 
visions consisting of three ears each, thus 
decreasing the headway and operating a bet- 
ter service with the same amount of rolling 
stock. Under these circumstances, electric 
locomotives are discarded as a possible 
source of motive power for this project, 
and the motor equipement has been determin- 


ed considering a typical train as composed 
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of three motor cars, 


Preliminary Engineering in Determination 
of Motor Equipment. 

The determination of the motor equipment 
for a given railway service implies a fore- 
knowlege of the composition of trains, 
weight of motor ear and trailers (if used) 


the profile of the road, and its alignment. 


Composition of Trains. 

Under steam operation the typieal train 
is 4.4 ears per train. Under electric oper- 
ation it is proposed to run mostly three car 
trains, and one one car shuttle train bet- 
ween Riverside and Dowmers Grove. The typ- 
ical train under these conditions is taken 


as three ears per train. 


Details of Proposed Car. 
The general design of the proposed motor 


ears are shown in Figs. 3. and 4, The 
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length of the cars, of both types, passenger 
and combination passenger awd baggage, is 

60 ft. The advantages of ears of this 
length as compared with shorter cars,for a 
service sich as this,are so self evident as 
to need no elucidation, Motor ears larger 
than 60 ft. are seldom used, and this length 
has been decided upon as conforming with in- 
terurban practice, which is closely approx- 
imated by this service. The seating capac- 
ity of the passenger cars is 62, that of the 
combination 48. Hinged seats are provided 
in the baggage compartment, which add a 
seating capacity of 6 to the combination 
ears, The seats near the doors are of the 
side type, so as to increase the standing 
Gapacity. 

Trap doors are provided on the platforms 
to allow for double ended operation and to 
inerease the standing space. Swinging doors 
are located in the front of the vestibule 


to allow movement of passengers between ad- 
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joining cars, 
The weight of these cars, include 
motor equipment, is 48 tons based upon the 
following itimized weights. 
Wt. Motor truck. 15000 lbs 
" Trailer truck, 10000 " 
" Aux. Electrieal Equip. 14000 * 
" Car body. 37000 " 
" Air Brake, z000 " 


" Motor driven compressor 2000 " 


" Poreed vent. compressor 1000 " 

" 2 - We. 156 motors, 14900 " 

Total wt. empty 95900 " 
or 48 tons 


Wt. Passengers 60 at i50# 9000 1bs 
Total 104900 lbs 


In figuring train characteristics account 
must be taken of the retarding effect due to 
rotational inertia of the moving parts. Al- 
lowing 7 % of the weight (loaded) for tiis 
the total weight accelerated, using two 


Westinghouse #156 motors per ear, becomes 
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SELECTION OF MOTORS. 

There are four motors on the market which 
have had extended use in single-phase elec- 
trie traction, namely, Westinghouse #148 A 
(125 HP.) and #133 or #156 (150 HP.) and Gen- 
eral Electrie #605 (75 HP.) and #603 (125 HP 
) » The characteristics of W.148A and 133 
are shown on curfe sheets No. 5 to 10. in- 
clusive. 

Pive hundred H. P. equipements are quite 
popular on high speed interurban roads, or 
where track conditions are such as to war- 
rent the distribution of the tractive effort 
to two trueks, which cah be obtained by 
using four 125 HP, motors. The maximum 
speed required in this project is but 60 mi. 
per hr., while the track conditions are 
about ideal. Therefore no advantage would 
be obtained from a four motor 500 HP, equip- 
ment, except a rapid acceleration. On the 
other hand, the inerease in weight of the 


motors alone is sufficient to considerably 
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increase the energy consumption, thus low- 
ering the efficiency of each car unit. A 
eareful investigation has proven that 300 
HP. divided between two motors will give an 
acceleration of .9 miles per hour per second, 
and a maximum speed of 62 miles per hour, 
This fulfills al] the conditions imposed on 
the system, at the same time keeping the 
temperature of the motors wel] within the 
limits of the rating. A four motor, 300 HP. 
equipment has not beem considered, because 
of the disadvantage resulting from the ad- 
ditional weight of the extra motors. 

A two motor, 250 HP. equipment was inves- 
tigated, but not considered in detail, for 
it required a gear ratio of 4 to 1 to obtain 
an acceleration ofimi., per hr. per sec. and 
a maximum speed of 56 mi. per hr. 

The results of this preliminary investi- 
gation was a complete study of just one 
equipment, namelf two Westinghouse #133 rail - 


way motors or #156, which has the same rating 
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as #133 but uses the quill suspension. 
Curves #11 to 16 show the preliminary and 
detailed investigations made in connection 
therewith, The gear ratio study proved 
66/23 = 2.86 to be the most efficient gear 
ratio. It is intended to use forced venti- 
lation with this motor, so that at any time 
the motor capacity can be increased by mere- 
ly inefeasing the flow of air, There will 
@heo be provided a high speed notck on the 
controller, which will increase the voltage 
at the motors whenever it becomes necessary 
to make up time, 

Speed, current, eurrent squared, apparent 
power, real power and voltage for W #133 
motor are plotted against time on Curve 
sheet #15, from which the train character- 
isties, as shown in Curve Sheet #16, were 
determined, and also the schedule laid out, 

The graphical time table (Figs. 20 & 21) 
convey the idea of the general schedule 
which it is proposed to follow under elec- 
tric operation. Hourly service is to be 


established between Chicago and Aurora, 
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stops being made at Hinsdale and all sta- 
tions between Downers Grove and Aurora. 
Hourly service will also be maintained on 
the Downers Grove run, making stops at Ber- 
wyn and all stations between Riverside and 
Downers Grove, Trains making all stops on 
the Riverside run will likewise be operated 
hourly, and will be met by a single car 
shuttle train, operating between Riverside 
and Downers Grove, for mnveying passengers 
to stations between these points, At Downers 
Grome, this shuttle train likewise meets the 
Auror express and thus affords a means of 
transportation between Auror and points in- 
termediate between Downers Grove a d Chic- 
ago, without interfering with the strictly 
express character of the trains on the Aur- 
ora run. This arangement results in hourly 
service to Aurora and half hourly service 
to Berwjm, Riverside, Hinsdale, and Downers 
Grove, and hourly service to all other sta- 


tions, The shuttle train may be considered 
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as strictly interurban, providing a means of 
travel between Aurora and stations west of 
Riverside, and but slightly increasing the 
Class of service into Chicago, though a 
saving of time may be affected by transfer- 
Ying from this train to the regular trains 
at Riverside instead of waiting for the reg- 
ular through train. 

In order to defermine the error involved 
in assuming the road bed level, the run 
sheet from Western Ave. to Hawthorne, wherin 
occurs the maximum grade, was plotted, and 
the time to make the run somares with that 
under the above assumption, This run sheet 
is shown in Curve sheet #14, The error was 
but 7 seconds, bearing out the correctness 


of the asumption made. 
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SEEECTION OF VOLTAGE. 

Two standard voltages are in use on pres- 
ent installations, namely, 6600 and 11000 
volts, The power plant of the road is locat- 
ed at Riverside, necessitating transmission 
for 26.3 miles to Aurora. For a preliminary 
estimate, a five car train was considered as 
starting at Aurora. This would take 1500 HE 
or 170 amperes at 6600 volts, The drop for 
this load, using 4 - 0 trolly , was found to 
be 1210 volts or 18.4 %. This load is by no 
means the maximum load that can be found, 
while the drop is excessive, 10 % being e@pn- 
sidered the maximum allowable for single 
phse lines, Thus the question resolves it- 
self into one of 6600 volts with substations 
er 11000 volts without substations. 

For: the 11000 volt system, sectionaliz- 
ation is necessary so that one track of one 
—_— te ean be cut out, due to a ground or 
some other fault, without cutting out the 


entire line. The lengths of the sections 
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should vary approximately inversely with the 
traffic on the section. For this reason the 
sections are made long at the Aurgra end and 
short at the city end, The section from 
Western Ave. to the Union Station will be, 
in the 11000 w lt consideration, disregarded, 
as this section will have to be operated at 
a lower voltage owing tolow bridges and 
other difficulties, The section points de- 
cided upon were,- Western Ave, Morton Park, 
Riverside, Western Springs, Downers Grove, 
Naperville and Aurora as shown on the sec- 
tionalization layout (Fig. 17A.) Starting 
from Western Ave. the lengths of the sect- 
ions are, 3.7 mi, 3.6 mi, 4.3,mi, 5.8 mi, 
7.5 mi, and 8.9 mi, 

As the drop at Aurora is very liable to 
be greater than the drop at Western Ave. 
points on the load curve were selected whith 
were not maximum points but which gave max- 
imum loads at the Aurora end, This gave the 


extreme conditions, The drops were then 
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figured for these points, The method used 
for determining the drop per section was as 
foljows, The division of load between trol- 
lys for trains in the section was found, 
The eurrent transmitted to the next section 
was considered as dividing equally between 
the trolly wires and so superimposed upon 
the other current. The'drop was then found 
by multiplying the current in the unlozded 
trolly (easiest to work with) by the length 
of the section and the volts drop per mile 
per ampere, The power taken by trains east 
of Western Ave was taken into consideration 
as being carried by the trolly east of West- 
ern Ave. An average of experimental resudts 
for voltage drop on single phase lines show- 
ed a value of 0,62 volts per mile per ampere 
to be about correct. The result obtained 
upon this basis are shown in the following,- 
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7.00 P.M. 
Drop from Naperville to Aurora, 


Current per trolly = 136.4/2 
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HBO a. 
Drop = 68.2 X .62 X 8.9 = 376 volts 


Drop from Downers Grove to Naperville. 
Current per trolly = 136.4/2 + 4.5 
Drop = 72.2 X .62 ¥ 7.3 - 532 volts 


Drop from Western Springs to Downers Grove, 
Current per trolly = 181.2/3 + 5.22 
Drop = 65.22 X .62 X¥ 5.8 = 236 volts 


Drop from Riverside to Western Springs. 
Current per trolly = 246.4/2 
Drop. = 62.07 X..62 X 4.3 = © 218.6 Vs. 


Total drop from Power House to 
Aurora = 1162.6 Vs. 


Per cent drop - 10.57 %. 


Drop from Riverside to Morton Park. 
Current per trolly = 251.8/3 + 14.5 
Drop = 98.44 X .62 X 3.6 = 220 volts 


Drop from Morton Park to Western Ave, 
Current per trolly = 251.8/3 
Drop = 83.9 X .66 %¥ 3.7 =~ 192.5 vos. 
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Total drop to Western Ave. 412.5 vs. 
Per cent drop Te coe 4 
7.80 P.M. 
Total drop to Aurora 8.7 2 
Total drop to Western Ave, 3.5 & 
6.00 A.M. 
Total drop to Aurora, 8.3 Z 


From these figures it can be seen that 
the maximum drop encountered agrees very 
ejosely with the value usually allowed, This 
shows that with a trolly voltage of 11000, 
the road can be operated without substations 
(except in low tension section.). 

Having decided this question, the next 
thing to be considered is the low tension 
section. Direct current was considered for 
this section but was not found practicable. 
If direct eurrent at 600 volts were used 


the eurrent would be too large to handle 
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rae? Ore 
with a trolly and a third rail would cost 
too much through the yards, No higher volt- 
age tham 600 could be used because the motors 
will not stand higher than 300 volts and 
there are only two per car, 

Having found direct current unsuitable, 
800 volts A.C, was considered, The drop was 
found to be excessive, It was then decided 
toe use 1200 volts A.C. with two substations. 
The substations were placed .65 miles from 
each end of the low tension section. In 
Calculating the drop for the low tension 
section, that caused by a five car train 
starting from the Union Station was consid- 
ered as the maximum probable while the max- 
imum possible (not, however,probable) was 
that caused by one four car and one three 
car train starting at 16 th, and Canal Sts, 
(from timetable). The first condition caus- 
ed a drop of 16.3 % while the second condit- 
ion caused a drop of 16.9%. Both of these 


values are within the allowable limits so 
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that the system as selected is suitable for 
the conditions. When cons&sdering these volt- 
age drops, the drop in the transmission line 
(high tension trolly drop) must be added to 
give the total drop.. This drop amounts to 
about 5 %,as a maximum,giving a total drop, 
on the lowtension section,of about 22 7, 
providing that the maximums oceur at the 
same time, 

One of the features of this distribution 
system is that no feeders were necessary, 
the sectionalization being done between 
trollys, Thus on the two track section, 
one trolly wire acts as a feeder for the 
sectionalizing of the others, Fig. 17A 
shows graphically the sectionalization 


scheme, 
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For a high speed single phase line,caten- 
ary construction is the only possible trolly 
construction for two reasons, For high speed 
work, the trolly wire must be at a uniform 
height above the rail, for satisfactory oper- 
ation, With catenary construetion, longer 
spans and better insulation are possible, 
than with simple span construction. While 
nothing but ecatenary construction enters the 
question, there are two types of this cons- 
truetion possible, namely, single and double 
catenary. Double catenary construction is 
very strong and therefore reliable in that 
respect, but it is very rigid. For this 
latter reason, it does not give very satis- 
factory service, The results of using this 
system can be seen by studying the troubles 
of the New Haven System. From the results 
obtained on that system it seems that there 
is little to recommend its use elsewhere, 


Single catenary construction is very flexi- 
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ble and gives, under pressure from the pante- 
graph, It was therefore decided to use sin- 
gle catenary construction, 

A study was then made of various single 
catenary installations, especially of the 
test track of the Pennsylvania R. R. on Long 
Island, A distance between supports of about 
£80 feet was chosen. This span gives nint- 
een bridges per mile. A light bridge (Fig. 
18) was selected for the two track section. 
This bridge was designed along similar lines 
to that used on the Pennsylvania test track. 
It is proposed to install a heavy anchor, 
bridge evry mile to keep the construction 
fairly rigid longitudinally. On curves, 
special construction will be used. A design 
of this bridge is given here. This same 
form of bridge is used for the three track 
section, where only three tracks are spanned, 
but where four tracks are spanned, a special 
heavier bridge is necessary. No design is 
given for this bridge, but a bridge is to be 
used of the type used by the N. Y. N. H. & 
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It was decided not to place circuit break- 
érs and other sectionalizing apparatus on 
the bridges, on account of the trouble en- 
countered by the N. Y. N. H. & H. Rw. R. due 
to sleet end snow. A small house is,there- 
fore, provided to enclose the apparatus at 
section points, This puts the apparatus in 
a position where it is easily available in 
ease of trouble and avoids all trouble from 
weather, 

A 3/8" stranded steel mesenger cable will 
be supportedon insuletors at the bridges, 
Suspended from this will be a copper trolly 
wire of 3 - 0 cross section area, After de- 
ciding these points, the question of using 
a secondry trolly presente itself. The ques- 
tion is really this; experience has shown 
that a secondry trolly must be provided to 
take the shocks or else a bow trolly must be 
used, This bow trolly may be used with a 
pantograph troply, if desired, the former 


taking care of small changes in height of 
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trolly and the latter taking care of the 
large changes, There are bound to be slight 
changes in the height of the wires due to 
Sag. Fxperience has show that a pantograph 
with heavy moving parts wears a trolly wire, 
at the points of suspension, by delivering 
a blow to the wire. ON THEN. Y. N. HL & 
R. R. where rigid suspension was used, the 
pant ograph would pick up the sag in a section 
and carry it to the next point of support, 
where it would literally tie the wire into 
a knot. With less rigid construction, this 
trouble would be less pronounced, but still 
the trouble is there, so that it seems advis- 
able to use a secondry trolly wire. This 
wire is to be a solid steel section of area 
about 3-0. It is to be suspended from 
the copper or conductor wire by hangers of 
the design shown in Fig. 19. This wire will 
take al] of the wear and keep the gwonducting 
wire of full cross-section. This abolishes 
the necessity of a bow trolly or bow attach- 


ment. 
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The construetion on the Low tension sect-— 
icon is the same as on the high tension ex- 


cept the copper trolly is of 4 - 0 area. 
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POWER PLANT. 

After deciding on the voltage to be used 
and the amount of power necessary, the next 
consideration was that of the method of gen- ; 
eration. Three phase and single phase sys- 
tems were considered, The effect of divid- 
ing the line into two sections and connect- 
ing the trolly of each to one phase wire 
and connecting the single return to the 
third wire, was considered both with a delta 
and star connected generators, Experiments 
were performed to determine the results of 
such a connection and it was found, with the 
generator used, that unbalanced loads meant 
unbalanced loads on the generator windings 
accompanied by voltage unbalance and change 
in the phase angle with serious unbalancing. 
These facts seemed to indicate the advisabil- 
ity of using single phase, and the fact that 
no such system as either considered above 
has ever been used, clinched the argument, 


After deciding to use single phase dis- 
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tribution, the question of taking the power 
from a single phase or « three phase gener- 
ator was considered, In many installatins 
the single phase power is taken from one 
phase of a three phase generator, the other 
two phases being idle,except for a small 
three phase power load in the station. Such 
an arrangement is used in the power plant 
for the St Clair tunnel and for the Chicago 
Lake Shore & South Bend Railways, In other 
plants single phase generators are used, 
The New York, New Haven & Hartford R. R. used 
three phase generatore,but had considerable 
trouble with them,and so repkaced most of 
their machines with single phase, In view 
of these facts and of the fact that no three 
phase power is really necessary, single 
phase generators were decided upon. 

As no substations are necessgry and so no 
high transmission voltage, it was decided to 
generate at the trolly voltage, thereby dis-— 


pensing with step up transformers, This 
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greatly inereases the reliability of the 
service. The generators were provided with 
impedance coils similar to those installed 
on the N. Y. N. Ho. & H. R. R. The coils 
take the shock due to short cireuits, thus 
releiving the generators of a considerable 
strain. These impedzances are provided with 
a relay operated short cireuit so that on 
normal operation they are short circuited, 
but, at a predetermined value of current, 
the relay opens the short circuit and the 
impedyance becomes effective. 

The mechanical equipment of plant is cov- 
ered by the accompanying form which is fill- 
ed out. The methods used in designing the 
Plant were similar to those in common prac- 
tice and so need not be discussed in detail 
here. Figs. 23-4-5-6 shows the design of 
the plant. 

The substations used (Fig.22) are of a 
standard type. They are built for an ulti- 
mate capacity of 3 - 500 K.W. transformers 


with a present equipment of 2 - 500 K.W. 
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transformers. The feeders to the substation 
are connected to the 11000 volt trolly at 
Western Ave. Oil switches are provided.on 
the high tension side ef the transformers 
and cut-out switches on the low tension, 
The feeders are protected with elect#rolytic 
arresters in the substations. The transfor- 
mers are oi] insulated and air cooled, They 
are mounted on wheels so that they can be 


removed easily in case of accident. 


oy. y ae 
noidstedye edt o¢ aitokeot oaT , etestotenaid 
da YLlott tlov OOOLL odd of bedoenpoo o18 
no. bobtvoig ets eedotiwa £10 .9vA pest sy 
wiemtotanatt sid to obte notenet dgid edt: 
,noleaet wol edt m0 sedodiwe dua_due bas 
oityLottdoe le fd Ew betostorg 618 etebeet aiT 
iotansit odT .anottstedua edt at aieseerts 


yeiT .befooo tis bas poteivent Lto eis @iom 


ad aso yedt tadd oa alesdw no besavom o18 


.tasbtoos Yo gaso nt yLtess bovomet 


Armour Institute of Technology Branch, American Institute of Electrical Engineers 1909 Data Committee 
STEAM ELECTRIC POWER~PLANTS 


COMPANY: C.5.& |. RR. NAME OF PLANT RIVERSIDE. 
Location Riverside, 11. K. W. Output 6000 Supplies power to Rail wav 
el DING: ie es 135x134" 
Size boiler room 135xX61 Size engine room 135x62 Outside dimen. of bldg. 
Ultimate capacity boiler room 4200h.0. Present capacity boiler room 4200 h.n. 
Ultimate capacity engine roomb0 00%... Present capacity engine room 5000 k.W. 
Type boiler room IJnit, svstem Type engine roomlJnit, svstem Construction of bldg. 
Cranes Number | Capacity 30 ton Span 5% : 
BOILERS: 
Type B ard W Number 12 Sq. ft. heating surface each 4475 Grate surfaces8'7 , 5 
Pressure 160# Degrees superheat 100? Area superheater 
Type stoker Coal used Illinois 
FEED WATER: 
Source Desniaines River Quality Fair Temp. entering boiler 
Pumps, Number 4 Type Snow Size 8) hy. De Capacity . 
Heaters, 120 ga L/min 
| Ejectors, 
Purifiers, 
Economizer, 
DRAFT: 
Method, 
Blowers, Number Size Type Capacity s 
. Chimney, Number 2 Material Dt661 Height ibe Inside area 5 i Diam. 


Dimensions foundation Breeching area Gg’ 
COAL AND ASH HANDLING: 
Method of coal handling Gonvevors 
Method of ash handling Gonvevors 


Conveyors Number 4 Type bucket Capacity 
Storage bins Where located Over hoilersTotal capacity 10 davs sunniv 
PRIME MOVERS: Westinghouse Parsons 
Type Turbines Number 4 Hees R. P.M. 750 Overload H. P. 
Water rate full load Size bearings 
CONDENSERS: 
Number 4 Type nurface Vacuum 728 in. Sq. ft.surface 2500 
Temp. of water supply 70°F Temp. discharge 90°F 
Pumps Wet Dry Combined Circulating 
Number 4 4 
Type Duplex Centrifugal 
Size INO al-s0) c 
Capacity 170 cu.sft./min 575 °custte ome 
PIPING: Type 
Sizes: Boiler connection Main Header Engine connection 
SENERATORS: 
Number 4 Type TUrho Volts LLOGO K. Ww. 1500 Cycles 26 Phase 1 
Speed 750 Efficiency Overload capacity 
No. poles 4 Diam. rotor Size bearings 
XCITERS: 
Number 4 Typeiotar K. W. 45 Volts LOO R. P. M. 
(TRANSFORMERS: 
Number @ Type selfcoolegr. w. 90 Volts 220 Phase | 
Method of connection Method of cooling 


WITCHING: Trolley and feeders tied to buses through remote control oi] 
switches. Generator, transformer, and station nanels in gallerv, Feeder 


panels in switch house. Exciter nanels on ensine room floor 
if & dips 
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LIGHTNING PROTECTION. 


MOITONTON OUIMTHOII 


eS Ot. 
LIGHTNING PROTECTION. 

The generators are thoroughly protected 
by arresters installed in the power house 
as shown in the wiring diagram (Fig. 26). 
The substation apparatus is also protect- 
ed by arresters installed in the station, 

There is no high tension transmission 
line to protect so that the only thing re- 
maining is to protect the trelley line 
and the cars. The cars are protedéted by 
installing an arrester on each one, The 
line is protected by installing a fuse 
type arrester on every fourth bridge (1390) 
ft.) The bridges are thoroughly grounded 


to prevent accidents due to charged bridges. 
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